?cfPCT/i# 07 APR 



(43) mfe'AMB 
2002 B 30 B (30.05.2002) 




PCT 



(10) B^^BB§-§- 
WO 02/43158 Al 



(51) 




H01L 29/792, 21/8247 


(21) 




PCT/JP01/10156 


(22) 


SfStHKB: 


2001 fl21 H (21.11.2001) 


(25) 




B*l§ 


(26) 






(30) 


t$ffi 2000-354722 





2000^11 £21 B (21.11.2000) JP 
(71) ttJBIA: 'W P UHX7-f Tif-< >7> K*x-f 

(HALO LSI DESIGN & DEVICE TECHNOLOGY 
INC.) [US/US]; 1 2590 — ^l—B — 9M r) V tflstf— 
X?* — )l,X *4\ — X zi—i- — X P — K 169 
New York (US). }*5££*f — jl — ^ -< P (NEW HALO 



INC.) [JP/JP]; T 1 68-0072 mSlSM$3£EiS*rF&HT 
B2#24^- Tokyo (JP). 

(72) 'MSiE^ (OGURA, Seiki). *4f9 h^EP 

(OGURA, Tomoko); 12590 — J. — 3 — *fl r?»ytf 
— Z>*— )1>X * — K^-^Ox^P- K 
140 New York (US). # & (HAYASHI, Yutaka); X 
305-0045 < l£rfT<§H = TS3§10^ Ibaraki 

(JP). 

(74) ft^A: ffl^#^. ^(TANAKA, Koju et al.) ; T 
160-0023 Sm»*7iKffia^ = Tg3#23^ 77 
S — ;UB8rS403# Tokyo (JP). 

(81) (mft): CN, KR, SG. 

(84) JtSlIr^ 1 *;: 3 — □ (AT, BE, CH,CY,DE, 

DK, ES, FI, FR, GB, GR, IE, IT, LU, MC,NL, PT, SE, TR). 



(54) Title: DUAL BIT MULTI-LEVEL BALLISTIC MONOS MEMORY, AND MANUFACTURING METHOD, PROGRAM- 
MING, AND OPERATION PROCESS FOR THE MEMORY 

(54) §£W<D%&: T^TJUtf^ h 4 *v * MONOS > 'J . *0>&&7i&. Zf u 7 ^ * RlfWlit 
CD^P-tTX 



O 

CO 



Q 

cr 

CD 

o 

o 



00 

in 

rH 

c5 




241 



221 



•203 
-202 204 



o 



(57) Abstract: A flash memory having a high speed, low voltage ballistic program, an ultra short channel, an ultra high integration 
degree, and a dual bit multi-level and requiring two or three polysilicon split gate side wall processes, and the operation thereof; the 
flash memory, comprising a twin MONOS cell structure having an extremely short control gate channel, the cell structure further 
comprising (i) side wall control gates (240) disposed on the laminated film formed of oxide film - nitride film - oxide film (ONO) 
(230) on both sides of a word gate (245) and a control gate and a bit 
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impurity film formed by self-aligning and shared between memory cells adjacent to each other for increased integration degree; the 
operation, comprising 1) a production process for removable side wall for manufacturing an ultra short channel and the side wall 
control gate with or without a step structure and 2) a process for forming the control gate on the laminated nitride film and impurity 
film by self aligning. 

(57) 
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15 jgRSttS. 

^^s^fc £ tuft rtixtf ft 6> ft v \ £ axfc * * y * A'rt <d«r $ tuft v ^^ij 
nrift <b ft v\ -^©f&jflpy— hrtwy- KiSiRy- h ttx ? - k^— b <oh 

20 IWSJE^O. 5 V#ifi<D^"w<— K^P^ (override delta) £y— 

JEtcDfq (Vt-wl+Voverdrive+Vs) 3=-Ci^£>kH5„ WMIrZWMff— Y 

■& o v $ -e^-T s:i:taots iStR ^n^MONOs-fe /va*^ t-^tt 

ST»*>5 5. ^B^7A*tttt, 17— K**EE#, ^rOBUfifc, ®«^C2^ 
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0 4 Ate, ^^^(D^P-fe^^, 01 C9itf*LV^^ffi0lI(75^f®|l|-e$>-5o 
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x^^f^fc LTtl^$tl5tft«2 3 22* s CVDioX^5 
0-10 0 nm©^^IC*i«$^x?) 0 gipWJ&CMOSyn-feW^JJy- 

5 flsS^j^V^Vn-fc;^ ^^y^f? (R I E) ICfcS^b 

J^2 3 24oJ;U^y S/JJ ny24 S^OlExy ^^j&S^^ftS, 
2 0 23$iijbn«jK:, hTOVTStfttrsfcfcK^ l^-feV^^ — 

h/V'fcfc t>3E12~3E13<E> K-Xft> 3&>offi:n.*A"¥ (^lOKeV 

B4BK*$ft5i5^ K!7t^D ^!) $J5~1 

^*SHfT§*bS. ASttfctt3 0~5 0 nm©I^W5lO©iV^yv' 
5 <om^ F-hfc:6fc*«rt£fclM K***- /v^^— y- 2 4 2 &ffif&~tZ> £ ? 
20 yF2 0 3©iiA^ 10~15KeVT3E13~4E13/cm^tV 

K**— /v;*-*— 2 4 2 is»* fcBfcfeSfr*. r©aW^©*ffl«ltt3iy 
25 ^^ISftW:, HBr/Ch/Oitfe^ (#J;tfc£*M;TV^~^ 
tKT*) |«»$*L^7yft:7K*Bft (BHFK ^tSHF, fc&v>f:ic F ! /o ! ©«t 



WO 02/43158 ^^PCT/JPOl/10156 



-9- 

(etching out) tStl% a mtm (O) -^{M (N) -BMbK (O) ©tl 
I2 3 0«$tt5. 12 3 0ft fSl&i;i^5fcfcfc3Ji^B^£*Lfcl> 0 
l&fip»fbK»mM$tt, -tOffS h ^ y v^oRJHIS ( 3 . 6 n 

y 3 i/mnm 2 ~ 5 n m-r?$> 5 , $ t KHHasiwbJKw: c vDitsii * o -c it 

SMb«rADx.5ifcj6S-e#5. *^J£«fiSiMbJR<0««ttSrai«)5fc«>»e: % ^bK 

10 nt% ^3 0~5 0nm©yy»* ,, ;^y='> / Sl*5<}:D 5 6O~10 0 
nmro^y^r^yN K^cVDtJiJ;«9*6@f$ttS 0 #y Vy =V*3i 

mm.. mxfamti&^y^iy&mftistiZo mtm-mkm-mum 

:©ON0^2 3 0/55^2)0 

0 nm^BMbS/y = ^&5VM*g'fbB&<E>liV^C VDB^2 3 3 

feSV^fitSR^ 3E14 — 5E1 5^tVcm'(D K-XItSA$^5. 
20 »I$»90~150nmtfc!), -tfttt*3&fcffcW<^-- b £ 

^MMtVXti, t'f K^^-zv^^-ty- h 2 4 0 li, *K y V y >- £ 

y £^y 3vit?*otj:v\ mmf— bSr^y ^ wbbTfgjgtfvfb-rsw-e 
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2 4 OJiKiM' K*>J— AflMb*^^— ^2 3 3 Sr^i" ^fc^SE^F&'f 

j£ (sputtering) tiot^l OnmOa^hfcSVMif 
|)65 Ot-CKKSH&ftyS (T=— AO #Hlfir£*L5 0 b 2 4 OfcitmUfc 
5 5ft$2 0 4(DTl$P±CDVy 1M KJB2 4 1 <D«J*flS|g 4 D»C**$*L5. HI 4 D 

10 ^|»Jhffl(D^t;M*3J:tJ«/'fc2)V^^bK2 3 5^CVDlCiot*t$ 

fc^F. wmi^«Sii:s^-Y^-^^^^^^«t^T^H^y^-h^ (son 

m) ^^t$Jl5c CVDtj;<3 3fry!J3yi *5 0nm) 

20 ^frT^ 04 E02 3 6ldJ;oX^^tL5> i 5 ^CMP^^^T^ttSo 

IH4 E^^b^2 3 2«, H-PO.iaoT, fe 5 V»t±ft*0-(b^W^ y ^ , 
V^CioTM^i&t^^V^frSo 1 5 0~2 0 0nm©S*(D#!lV 

y a^cvDtioTiif^^^ a*#y =^igi2 4 sfc.ttfT* 

<D/K y v'U 3 ^ 17 — Ky*- h 2 4 5 # % M®7^ h b*5it5R I E^ 

Sl^tS 7- K»^- b r i ot, #yixy ^V)i2 4 8^ 
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5 . Mi&<D?'* J £*te* ^sttmfiV^-r^M/ (3 0~5 0nm) Sr^-TS^W— 

10 £*LSo 

tevy =^^2 2 l ^la^ac^^^^^H^o ^v-y^^V v hfeV -t 

15 0-5 0 nm©f WSli^^SS. tfcfc^ 18 5 B Kl^frbS J: 3 
MTtfyiM K!?^^^fcttfflV^s 1 0~1 5KeVOx^-C' 
K— Xfkd* 3E13~4E13/c m'f&SJ: 9 ^Ni)|2 0 3 &T&tftrt~Z1t 

fete. an«u©js«Jtck5Rdsflid>icai«>ji*nSo #^ (&*^&n«p^ 

y ^y ruo^— If-flS, (HNO./HF/^ fe^V>fiH, 

20 PO.^fcttNH.OH) fc-i^^XYxyf^^y^iaot, 

25 ~5 0 nm^ftttmffc&ft^. a^ttiDfiasSfeoTV^ifr&tett, ^6 0*> 
^(D^Jl 0 0 0 — 1 1 0 O'C-CCD^B^^^* b (RTA) lC£S*|tf>;*Li6 
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*«»RttfclP*.fe*L*^ fc5^»29 0 0°C. 2 0 0 — 3 0 Omh— ^£E-e<D 

H5c^ufci5^> mkm-mm-m4km<ommm&mf&ts*iz>o m 

^(DmZnn&h^V^yW&R (3. 6nm) J: kfiiLJHwffV^ 
3. 6-5 nm-CfcSo CVDfcJ:oT*63«* jxfcftfli^ U =» ^«»**&2 - 5 
nm-Cfc*. $bH:TMaJK<bIR*SCVDfcJ;o-C*t«$n-C. -t*U±*&4~8 

fW#^— h fclfcS y y v-U a 9 o ~ l 8 0 n m©I^ 

"Cit^^T. HI 5 CKtf£*iZ>£ W h 2 4 0 &l&f& 

^U^^^-h^ S'DIM K4b$*LSa\ SfcttWt^MONO 

^*Bj|g^-^-f K * iJ- 2 4 2 W\ ^ y V y = V<Z>ttfc> <9 fcl. ^"^ 
X-^S-fblR. KfblK*fctt5fc**y ^#9* (BPSG) -Cfc&V\, fciffcb 

t^ra^t-ss^ nio-10 ois) *>fe-e*>a. 

25 7£&W<D$iS3<DmifoM1!>m6 A-6D, *5 iTJ? 6 F £#HS 
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o s * * 9 **<owttM*mmi&te. cmo s^tx^&ox 

5**5 17 - Ky- ® J&t«>fflrd> <5„ HI 6 A o&fcK 

5 -«l«-t(U|-(o N o) Ciil2 3 0«^ 5o I2 3 0fi^-C 
fcf»BWb«OfcJe>H:3*-eB:^$^v\ JfeSSSfefb^y 3. 6-5 n 

a^fc V V = 2 - 5 n mtfc «? N HgBOgSftlgltt CVDtCio T *t» $ 

*VC, &J5 - 8 nm©g^Tfc5„ #U^y a^tei^*^^^ Kl7* 

2 3 2 /5*$J 5 0 — 1 0 0 n m(Z>/f:£ ^±i^^tL-5 0 

i/^-y^sf (r i e) ^J;oT^y^y=r^^5SEfc^y^^$tLS 0 

0 6Afc***L5J;5K: % *^2 0 2aJfrc^ (lOKeVitJ 
®V>K d»o5E 1 2-2 E 1 3^Vcm ! CK-XiT«Wt^ 
*>&^£ft, fc*fc£fc, MiS^!7^<b|^Dm^^5E 1 2-1. 5E13 

**\ *>«^ttW«fcCVD»CJ;?>i«»SH5 0 rjc, Mtt&|c|*»9 0-1 



WO 02/43158 



PCT/JPO 1/10156 



-14- 

i^2<D»J©7^- y-«t N*aAm2 0 4Sr^-f"5^ 

fc^ ^bK-^b^=9®^Ka^^ lE15~5E15/cm ! <DK- 
X*. i>o2 0-5 OKe VOx^VV^, t ^^^ft"*>5i*tb5c 

(s 5 0-9 o o°c-e5~2 om x^^feti^^itt 5 i ^ ia o t , 

/l/S^ N ^30~50nm (l^SftIi©3~4§) ^ft-£H2> 0 

ftHBr/CL./O.tfcSo |»7yflS*C»ICJ:oT, »blUi©»«S 
flitMLfcfV 3y|g^*I^I^H5. H6CJ^$Jl5«iRON02 3 

K N nwKftJK^efcK^Sfcfefc. cvD38J;r«ttW*»iMfe:fcJ;o-c#b4 

~6 nm<D«UV*«MU*#«**t*. h fc~iMfe«»rt W» 8 5 9 

-9 0 Ot-t'2 O^StflBTC^n-fe^^^v 13 6 2 4 4 J e^£fr5£ 5 

r©J*^fi*fb«*S, b 2 4 0 £ Ify hfeff«2 0 4 fc^ffi*) 

17^-K^y -yy = v2 4 5 £H«sfcfl;i*2 3 2<aig£<afn£9 , t>fc>Ta^* 

v\ m3 0 0nm^py!)3yi«$ti-c, xyfy^f^<i 
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4 0/55, S*IrI14R*&^ tyxyfy^Kiots |)50nm<i^ 

#^ H,P0 4 ^^>5v^^i^6D-^b^^^v^^^:J:o-c > I«2 3 2^ 

il^^^y^Vi^^tb^, ^11 5 0-20 0 nmO*^ft5*yV!i =• 
10 yl2 4 8^CVDiaotiti^^, «t©7* bWi?^ h*it)fRI E 

Bl&i-sr?— Ki^f^t^-iiaox, #y^y 3^2 4 8* 

15 ^-MeSfc£M6«H-*fc«>fc: % Sttl7— vy a^JRfi, ^v&SVW: 

20 mmfy&t>£tix^tc 0 ^Kommxit. xzztc\-f&<(D±/i>mm*^ 
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bT<agte^J&rttclEi&£;h,5;rc«><£>, vt-hi^oit^Vt-low^^ti^K 

nfc 2 o<D^b#)^^H^*5i^-fe^© y— **5 K w vfi^i:^ 

■T'u—j — y by— b^y h7^^7W©iffiil 
7B|:^^5. T7— K^— b34 0, 3 4 1, fcit;3 4 2tt±tf lf^ 
15 VZ/}) a^F^t-^^tLx ffiSt3lgSW!*tL-C17— KIS13 5 0?:Mt5, !7- 
Ky-b3 4 0. 3 4 1, *3J;I^3 4 2©Mt^f K_bfc*i5g|^ tlS— toW* 
Kl7*— yl/3 3 1a, 331b, 332a, 3 3 2 b <DTl£ONO/Wj&£H 

#T?ifc5. @7Bfc±D!7C©3 10, 3 11, 3 1 

20 2, 3 1 3, 3 1 4, 3 1 5m flatt^EifrfclJMGtef Sfcfcfc^ 7° 

n i?* mmm 3 , as £ t*iwiRa5:**m 247 ^^m^-efc 5 * 5 *^«s« 1 *s 

&T$2fc£'Z>X&— *lJ^y— b 3 3 0, 3 3 1, 3 3 2, 3 3 3»t^- 
25 (IW»**IW^IMWj--T?*>S) ±5^n-fe^^tte«l*5J:tJ«2<Z>» 
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mtmm^. 311*5^312 y 3 3 1 u iMH« 3 

5 1 3 *5 ir>' 3 1 4 ttW^- f 3 3 2 ^Mt5o /^!)t;V3 0 1tt, y — 
^fcm^3 2 lioXWy Mttk««3 2 2£r^U ^<Z) y-*tefM?iC^ 

1 2 SrAflti-SflfH^y- b 3 3 1 , 17- K-7*— h 3 4 1 , *3 J; t)?TM l^mitM 
m&S 1 3 *gm-rz>1i&%<DMmir— Y 3 3 2<3^^5J;5Kl&E-t-5-i2 s 
10 T?#5 0 17- K-$r— b 3 4 1 y^-Cifc!K Um?- 

■era, i^tsi^rrt© 1 o^i^i^ii 3 1 3^ m^m^r? 

-cfcs. m^fi^m^wmmm 3i2i», m^^tcmtmwm 
mw&ffl&i 3 1 i*3£t>*3 1 4^i*> 0 l^mhm 

ii:-efc5c ras«toai^*^ftv^|»SfS^b4fe*«««J 3 1 o*5«fcU*3 l 5 

^^nfc^^y-fer/K^ ry— fefc^g^ 3 2 1 a&sftfcsfrffcrtfeOTi 
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ftibfe I";*-— 7 4 K (over-ride) J, rzc^^^l^^ (express) J, *5iTJ? 

r#juh (su P pres S )j ^fe^ o gj^i^-hm/±^ffi^ x v-Ymm£(o^i^ 
io ti^j;?^ v (cg) j^mffi (~5V) ^^^5, 

mx-te^ mm?- Y-mm$mvt-hi (2. ov) &xm#>t>fr, ^y-hr 

15 mm, m^ntcmtmmi^s 1 3(Dm^m\^ t P(omj£xh^o 
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